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(54) Coating having high resistance to heat and oxidation and multi-coated material having high 
resistance to heat and oxidation 



(57) A high temperature oxidation resistant coating 
(1) performs a self-repairing function of self-repairing 
the cracks under a heated environment and has low cat- 
alytic properties. The high temperature oxidation resist- 



ant coating (1) is prepared by dispersing silicate parti- 
cles (2) containing a composite oxide consisting of an 
oxide of a lanthanoide series rare earth element includ- 
ing yttrium and silicon oxide into a glass-based matrix 
(3). 
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Description 

[0001 ] The present invention relates to a coating hav- 
ing a high resistance to heat and oxidation and a multi- 
coated material having a high resistance to heat and ox- 5 
idation, particularly to the above adapted for use in the 
manufacture of heat resistant structures such as bodies 
of space craft and next generation supersonic aircraft, 
engine parts and gas turbines. 

[0002] When a space craft reentries, a shock wave is 
generated at the nose tip portion of the body and the 
leading edge portion of the main wing which leads to 
high temperatures, with the result that oxygen mole- 
cules and nitrogen molecules within the air are dissoci- 
ated into atomic states. If the dissociated atomic oxygen 
and nitrogen arrive at the surface of the space craft 
body, recombination occurs depending on the proper- 
ties of the surface of the space craft body so as to be 
brought back lo oxygen and nitrogen molecules. The re- 
combination reaction is exothermic and, thus, the sur- 
face of the space craft body is heated by both the aer- 
odynamic heating and the heat of the recombination re- 
action. 

[0003] The term "catalytic properties" denotes the de- 
gree of the recombination reaction on the surface of the 
body of a space craft. The recombination reaction is un- 
likely to take place on the surface of a material having 
low catalytic properties and, thus, the temperature ele- 
vation on the surface of the space craft body can be sup- 
pressed if the above material is used. On the other hand, 
where the body of the space craft is formed of a material 
having high catalytic properties, the temperature on the 
surface of the space craft body is markedly increased 
because the recombination reaction easily takes place 
on the surface of the material having high catalytic prop- 
erties. As a result, a temperature difference of several 
hundred degrees centigrade is generated between the 
materials having high and low catalytic properties. Inci- 
dentally, this particular phenomenon is inherent in the 
re-entering environment of space craft. 
[0004] Vigorous research is being conducted in an at- 
tempt to develop a high performance heat resistant sys- 
tem capable of withstanding the aerodynamic heating 
environment at the time a space craft re-enters the at- 
mosphere. 

[0005] For example, Yoshinaka, Morino, M.A. Kurtz 
published various composite malerials on page 581 of 
"Oxidation Behavior of SiC coated Carbon/Carbon Ma- 
terial" in the 36 th Aircraft Symposium, '98" published by 
Japan Aircraft Space Institute. To be more specific 
Yoshinaka et. al. published in this symposium various 
composite materials including a first composite material 
prepared by forming a SiC layer on a carbon composite 
material (C/C matrix) by a conversion method, followed 
by further forming a SiC layer thereon by a CVD method, 
and a second composite material prepared by applying 
a Si02/B 2 0 3 glass seal to the first composite material 
while clarifying the thermal-chemical erosion mecha- 



nism of the C/C matrix consisting of a carbon fiber hav- 
ing a SiC coating applied thereto and a carbon matrix. 
[0006] Also NakaL Kinjo, Matsuura, Maekawa, Yumi- 
dachi published Japan Composite Material Institute, on 
page 32 of " Development of Super High Temperature, 
Oxidation Resistant, High Strength C/C Composite Ma- 
terial" Vol. 19. No. 1 ; 1993. To be more specific, Nakai 
et. al. published in this Institute magazine a high tem- 
perature oxidation resistant material adapted for use in 
the manufacture of space craft i.e., the material pre- 
pared by forming a carbide layer containing silicon car- 
bide as a main component on the surface of a carbon- 
aceous material, followed by applying a crack seal of 
Si0 2 -B 2 0 3 glass material to the carbide layer. The high 
temperature oxidation resistant material disclosed in 
this literature exhibits an excellent resistance to oxida- 
tion under a high temperature of about 1600°C. 
[0007] However, in the material disclosed in this liter- 
ature, cracks are generated in the coating because of 
differences in the thermal expansion coefficient be- 
tween the coating and the substrate. Also, even if the 
cracks of the coating are sealed by a glass-based seal- 
ing material, the cracks are opened and closed by heat- 
ing and cooling which takes place when a space craft 
using the particular material reentries. As a result, the 
crack seal is thermal-chemically eroded, making it diffi- 
cult to use the sealed material repeatedly. 
[0008] On the other hand, Japanese Patent Disclo- 
sures (Kokai) Nos. 6-48834 and 7-277861 disclose a 
high temperature oxidation resistant material prepared 
by forming an intermediate member containing silicon 
carbide as a main component on the surface of a car- 
bonaceous material, followed by covering the interme- 
diate member with a composite oxide consisting of an 
oxide of a lanthanoide series rare earth element and sil- 
icon dioxide. The high temperature oxidation resistant 
material disclosed in these prior arts is superior in its 
resistance to oxidation at high temperatures over the 
material previously referred to, and is prepared by form- 
ing a carbide layer containing silicon carbide as a main 
component. To be more specific, the high temperature 
oxidation resistant material disclosed in the Japanese 
Patent documents referred to above exhibits an excel- 
lent resistance to oxidation under a high temperature of 
about 1700°C. 

[0009] However, in the above high temperature oxi- 
dation resistant material cracks occur in the coaling of 
the composite oxide because of differences in the ther- 
mal expansion coefficient between the coating and the 
substrate. Also, cracks are newly formed in the coating 
during use of the high temperature oxidation resistance 
material, as in that of the published literature previously 
referred to. In addition, the cracks are wider and longer. 
It follows that the cracks of the coating are not repaired. 
[0010] Further, the composite oxide coating consist- 
ing of the oxide of the lanthanoide series rare earth el- 
ement and silicon dioxide, which is formed on the sur- 
face of the high temperature oxidation resistant materi- 
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al. is certainly excellent in its resistance to oxidation un- 
der high temperatures. However, the composite oxide 
coating noted above tends to have the high catalytic 
properties referred to previously. As a result, the tem- 
perature of the space craft using the particular high tem- 
perature oxidation resistant material tends to be mark- 
edly elevated by the aerodynamic heating when the 
space craft reentries during its flight back to the earth. 
[0011] An object of the present invention is to provide 
a high temperature oxidation resistant coating having a 
self-repairing function of repairing by itself the cracks 
under a heating environment and having low catalytic 
properties. 

[0012] Another object of the present invention is to 
provide a high temperature oxidation resistant multi- 
coated material comprising a high temperature oxida- 
tion resistant coating having a self-repairing function of 
repairing by itself the cracks under a heating environ- 
ment and having low catalytic properties. 
[0013] According to a first aspect of the present inven- 
tion, there is provided a high temperature oxidation re- 
sistant coating, comprising a glass-based matrix and sil- 
icate particles containing a composite oxide consisting 
of an oxide of a lanthanoidc scries rare earth clement 
including yttrium and silicon oxide, the silicate particles 
being dispersed in the glass-based matrix. 
[0014] Further, according to a second aspect of the 
present invention, there is provided a high temperature 
oxidation resistant multi-coated material, comprising: 

a substrate; 

an intermediate layer formed on the surface of the 
substrate and consisting of at feast one ceramic ma- 
terial selected from the group consisting of silicon 
carbide, silicon nitride, silicon carbonitride, and sil- 
icon boride; and 

a high temperature oxidation resistant coating 
formed on the intermediate layer and prepared by 
dispersing silicate particles containing a composite 
oxide consisting of an oxide of a lanthanoide series 
rare earth element including yttrium and a silicon 
oxide in a glass-based matrix. 

[0015] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0016] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a cross sectional view schematically show- 
ing the construction of a heat temperature oxidation 
resistant coating of the present invention; 
FIG. 2 is a cross sectional view schematically show- 
ing the self-repairing function performed by the high 
temperature oxidation resistant coating shown in 
FIG. 1 ; 



FIG. 3 is a cross sectional view of a multi-coated 
material including a high temperature oxidation re- 
sistant coating of the present invention; 
FIG. 4 is a cross sectional view schematically show- 
ing the self-repairing function performed by the mul- 
ti-coated materia! shown in FIG. 3: and 
FIG. 5 is a cross sectional view schematically show- 
ing the construction of the multi-coated material ac- 
cording to Comparative Example 2. 

[0017] A high temperature oxidation resistant coating 
of the present invention will now be described in detail. 
[0018] The high temperature oxidation resistant coat- 
ing of the present invention, i.e., a coating exhibiting a 
high resistance to oxidation under high temperatures, 
comprises a glass-based matrix and silicate particles 
containing a composite oxide consisting of an oxide of 
a lanthanoide series rare earth element including yttrium 
and silicon oxide, the silicate particles being dispersed 
in the glass-based matrix. 

[0019] To be more specific, the high temperature ox- 
idation resistant coating 1 comprises a glass-based ma- 
trix 3 and a plurality of silicate particles 2 dispersed in 
the glass based matrix 3, as shown in FIG. 1 . 
[0020] The silicate particle noted above denotes a 
particle of the composite oxide alone or a particle con- 
taining the composite oxide and at most 50% by weight 
of a second component selected from the group con- 
sisting of carbide, nitride, boride and silicide. ' 
[0021 ] It is desirable for the composite oxide to consist 
of an oxide of a lanthanoide series rare earth element 
and Si0 2 mixed at a molar ratio falling within a range of 
between 70:30 and 30:70. The silicate particles contain- 
ing the composite oxide of the particular composition ex- 
hibit a good compatibility with the glass-based matrix so 
as to improve the bonding strength to the matrix. It is 
also possible for the particular silicate particles to im- 
prove the heat resistance of the resultant high temper- 
ature oxidation resistant coating. If the mixing amount 
of the oxide of the lanthanoide series rare earth element 
in the composite oxide exceeds 70 mol%, the thermal 
expansion coefficient of the silicate particles containing 
the composite oxide is increased so as to lower the com- 
patibility of the silicate particles with the glass-based 
matrix, with the result that peeling tends to take place 
between the silicate particles and the matrix. On the oth- 
er hand, if the mixing amount of the oxide of the lanth- 
anoide series rare earth element in the composite oxide 
is smaller than 30 mol%, the heat resistance of the sili- 
cate particles containing the composite oxide tends to 
be lowered. More desirably, the molar ratio of the oxide 
of the lanthanoidc scries rare earth element to Si0 2 
should fall within a range of between 40:60 and 60:40, 
[0022] It is desirable for the silicate particles to have 
a particle diameter of 5 to 100 urn, preferably 10 to 50 
u/n. 

[0023] It is desirable for the glass-based matrix to 
have a viscosity of 1 0 2 to 10 7 - 5 dPa-s during use under 
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high temperatures i.e., under temperatures of 800 to 
1 700°C. If the viscosity of the glass-based matrix during 
use under high temperatures is less than 1 0 2 dPa-s, the 
viscosity is unduly low, with the result that the coating 
tends to flow out during use under high temperatures. 5 
On the other hand, if the viscosity of the glass-based 
matrix during use under high temperatures exceeds 
10 7 - 5 dPa-s, the viscosity is unduly high, with the result 
that the coating is incapable of self repair. It is more de- 
sirable for the viscosity of the glass-based matrix during 
use under high temperatures to fall within a range of be- 
tween 10 3 and 10 6 dPa-s. 

[0024] To be more specific, the glass-based matrix is 
provided by a Si0 2 -B 2 0 3 series glass. It is acceptable 
for the Si0 2 -B 2 0 3 series glass to contain AI 2 O a . Partic- 
ularly, it is desirable forthe glass-based matrix to consist 
of 75 to 95% by weight of Si0 2 , 5 to 25% by weight of 
B 2 0 3 , and 0 to 5% by weight of Al 2 0 3 . If the mixing 
amount of Si0 2 exceeds 95% by weight, and the mixing 
amount of B 2 0 3 is smaller than 5% by weight, the self- 
repairing performance is lowered, resulting in failure to 
obtain the desired effect, though it is certainly possible 
to improve the heat resistance of the high temperature 
oxidation resistant coating. On the other hand, if the mix- 
ing amount of Si0 2 is less than 75% by weight and the 
mixing amount of B 2 0 3 exceeds 25% by weight, the heat 
resistance is lowered, resulting in failure to obtain the 
desired effect, though it is certainly possible to improve 
the self-repairing performance of the high temperature 
oxidation resistant coating. Further, it is possible to im- 
prove the heat resistance of the high temperature oxi- 
dation resistant coating by adding Al 2 0 3 . It is more de- 
sirable forthe glass -based matrix to consist of 85 to 90% 
by weight of Si0 2 , 10 to 15% by weight of B 2 0 3 , and 1 
to 3% by weight of AI 2 O a . 

[0025] It is desirable for the mixing ratio of the silicate 
particles to the glass-based matrix to fall within a range 
of between 40:60 and 90: 1 0 by weight. If the mixing ratio 
of the silicate particles is less than 40 by weight, the mix- 
ing ratio of the glass-based matrix is rendered relatively 
high, with the result that the high temperature oxidation 
resistant coating tends to flow out under high tempera- 
ture. On the other hand, if the mixing ratio of the silicate 
particles exceeds 90 by weight, the self-repairing per- 
formance of the high temperature oxidation resistant 
coating tends to be lowered. It is more desirable forthe 
mixing ratio of the silicate particles to the glass-based 
matrix to fall within a range of between 60:40 and 85:15 
by weight. 

[0026] The high temperature oxidation resistant coat- 
ing of the present invention described above is con- 
structed such that the silicate particles containing the 
composite oxide consisting of an oxide of a lanthanoide 
series rare earth element and silicon oxide are dis- 
persed in the glass-based matrix. 
[0027] The high temperature oxidation resistant coat- 
ing having this particular construction has a self-repair- 
ing performance for repairing the cracks present in ad- 



vance under a high temperature environment. To be 
more specific, if the high temperature oxidation resistant 
coating 1 , in which a crack 4 is present is exposed to a 
high temperature environment, the glass-based matrix 
becomes plastic so as to repair the crack 4. As a result, 
where the high temperature oxidation resistant coating 
of the present invention is applied to, for example, a 
space craft, the cracks generated previously can be re- 
paired by the heat generated when the space craft reen- 
tries. 

[0028] It should also be noted that the cracks present 
in the coating can be easily repaired by applying a heat 
treatment as required before the high temperature oxi- 
dation resistant coating of the present invention is actu- 
ally used. 

[0029] Further where the high temperature oxidation 
resistant coating of the present invention, i.e., the coat- 
ing exhibiting a high resistance to oxidation under high 
temperatures, is applied to, for example, a space craft, 
the glass-based matrix is melted by the heat generated 
when the space craft reentries so as to cover the sur- 
face, with the result that low catalytic properties can be 
obtained. As a result, it is possible to suppress the tem- 
perature elevation on the surface of the space craft. It 
follows that the space craft having the high temperature 
oxidation resistant coating of the present invention ap- 
plied thereto exhibits an excellent durability. 
[0030] Incidentally, the high temperature oxidation re- 
sistant coating of the present invention can also be ap- 
plied to. for example, the body of next generation super- 
sonic aircraft and the heat resistant structures of engine 
parts and gas turbines as well as to space craft, so as 
to improve the durability of heat resistant structures. 
[0031] The high temperature oxidation resistant multi- 
coated material of the present invention will now be de- 
scribed In detail. 

[0032] The high temperature oxidation resistant multi- 
coated material of the present invention comprises a 
substrate, an intermediate layer formed on the substrate 
and consisting of at least one ceramic material selected 
from the group consisting of silicon carbide, silicon ni- 
tride, silicon carbonitride and silicon boride, and a high 
temperature oxidation resistant coating formed on the 
intermediate layer and prepared by dispersing silicate 
particles, which contains a composite oxide consisting 
of an oxide of the lanthanoide series rare earth element 
including yttrium and silicon oxide : into a glass-based 
matrix. 

[0033] To be more specific, the high temperature ox- 
idation resistant multi-coated material 11 of the present 
invention comprises a substrate 1 2, an intermediate lay- 
er 13 formed on the surface of the substrate 12, and a 
high temperature oxidation resistant coating 14, which 
has the composition as described previously, formed on 
the surface of the intermediate layer 1 3 as shown in FIG. 
3. To reiterate, the high temperature oxidation resistant 
coating 14 is prepared by dispersing the silicate parti- 
cles 15 into the glass-based matrix 16. 
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[0034] The substrate 12 is selected from the group 
consisting of, for example, a carbon composite material 
consisting of a carbon fiber and a carbon matrix (C/C 
substrate), a composite material consisting of a carbon 
fiber and a SiC matrix (C/SiC substrate), a composite 
material consisting of a SiC fiber and a SiC matrix (SiC/ 
SiC substrate) ; and graphite. 

[0035] The intermediate layer plays the role of allow- 
ing the high temperature oxidation resistant coating to 
be bonded satisfactorily to the substrate. The interme- 
diate layer can be formed on the surface of the substrate 
by a conversion method or a CVD method. It is desirable 
for the intermediate layer to have a thickness falling 
within a range of between 5 and 200 urn preferably be- 
tween 10 and 100 u.m. If the thickness of the intermedi- 
ate layer is less than 5 urn, the intermediate layer pos- 
sibly fails to cover the entire surface of the substrate. 
On the other hand., if the thickness of the intermediate 
layer exceeds 200 um, the intermediate layer tends to 
be peeled or cracked by thermal shock. 
[0036] In the high temperature oxidation resistant 
coating, it is possible to set 1) the composition of the 
silicate particles, 2) the composition of the composite 
oxide contained in the silicate particles, 3) the particle 
diameter of the silicate particles, 4) the properties and 
the composition of the glass-based matrix, and 5) the 
mixing ratio of the silicate particles to the glass-based 
matrix as described previously in conjunction with the 
high temperature oxidation resistant coating of the 
present invention. 

[0037] The high temperature oxidation resistant coat- 
ing described above can be formed on the surface of 
the intermediate layer formed on the substrate, for ex- 
ample, as follows. In the first step, a coating liquid is 
prepared by dispersing the silicate particles and the 
glass-based matrix in an adhesive solution, e.g., an ad- 
hesive aqueous solution. The adhesive used in this step 
includes, for example, carboxymethyl cellulose. Then, 
after the surface of the intermediate layer formed on the 
substrate is coated with the coating liquid thus prepared, 
the coating is dried and : then, subjected to a heat treat- 
ment so as to form a high temperature oxidation resist- 
ant coating on the surface of the intermediate layer. For 
the coating treatment, it is possible to employ, for exam- 
ple, a brush coating method, a spray coating method or 
a dipping method, though the coating means is not lim- 
ited Lo those exemplified above. It is desirable to carry 
out the heat treatment noted above under an inert gas 
atmosphere such as an argon gas atmosphere at 1 000 
to 1600°C for 30 to 300 minutes, preferably at 1200 to 
1500°C for 60 to 120 minutes. 

[0038] As a method for forming the high temperature 
oxidation resistant coating, it is also possible to employ 
the sol-gel calcining method and the flame spraying cal- 
cining method in addition to the slurry coating calcining 
method described above. 

[0039] It is desirable for the high temperature oxida- 
tion resistant coating to have a thickness falling within 



a range of between 50 and 1 000 jim. If the thickness of 
the high temperature oxidation resistant coating is less 
than 50 ujti, the durability of the coating tends to be low- 
ered. On the other hand, if the thickness of the high tem- 

5 perature oxidation resistant coating exceeds 1000 pm, 
the coating tends to peel off. It is more desirable for the 
thickness of the high temperature oxidation resistance 
coating to fall within a range of between 1 00 and 500 um 
[0040] The high temperature oxidation resistance 

10 multi-coated material of the present invention described 
above comprises a substrate, an intermediate layer 
formed on the surface of the substrate and consisting of 
at least one ceramic material selected from the group 
consisting of silicon carbide, silicon nitride, silicon car- 

15 bonitride and silicon boride, and a high temperature ox- 
idation resistant coating formed on the surface of the 
intermediate layer and prepared by dispersing silica par- 
ticles, which contain a composite oxide consisting of an 
oxide of a lanthanide series rare earth element and sil- 

20 icon oxide, into a galas-based matrix. 

[0041] In the high temperature oxidation resistant 
multi-coated material of this particular construction, the 
intermediate layer consisting of a predetermined ceram- 
ic material permits the high temperature oxidation rc- 

25 sistant coating to be strongly bonded to the substrate. 
[0042] It should also be noted that the high tempera- 
ture oxidation resistant multi-coated material of the 
present invention produces the self-repairing perform- 
ance that the uppermost high temperature oxidation re- 

30 sistant coating repairs the cracks generated previously 
under a high temperature environment. To be more spe- 
cific, if the high temperature oxidation resistant coating 
1 4 has a crack 1 7 generated in advance, and is exposed 
to a high temperature environment, the glass-based ma- 
ss trix 1 6 is fluidized so as to repair the crack 1 7, as shown 
in FIG. 4. As the result, where the high temperature ox- 
idation resistant multi-coated material of the present in- 
vention is incorporated in, for example, a space craft, 
the cracks generated in advance in the uppermost high 

40 temperature oxidation resistant coating can be repaired 
by the heat generated when the space craft reentries. 
[0043] Further cracks generated in the uppermost 
high temperature oxidation resistant coating can be re- 
paired easily by applying a heat treatment at, for exam- 

45 pie, 800 to 1 600°C to the high temperature oxidation re- 
sistant multi-coated material of the present invention be- 
fore use of Ihe multi-coaled material. It is possible lo 
control the heating temperature in repairing the cracks 
depending on the composition of the glass-based matrix 

50 included in the high temperature oxidation resistant 
coating. For example, where the glass-based matrix is 
formed of a Si0 2 -B 2 0 3 scries glass, it is possible to re- 
pair the cracks noted above by heating under a relatively 
low temperature in the case of increasing the content of 

55 B 2 0 3 in the glass composition. 

[0044] Further, where the high temperature oxidation 
resistant multi-coated material of the present invention 
is applied to, for example, a space craft, the glass-based 
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matrix of the high temperature oxidation resistant coat- 
ing constituting the uppermost surface of the multi-coat- 
ed material is melted by the heat generated when the 
space craft reentries so as to cover the surface, with the 
result that low catalytic properties can be developed. It 
follows that it is possible to suppress the temperature 
elevation of the surface of the space craft, leading to a 
high durability of the space craft. 
[0045] Incidentally, the high temperature oxidation re- 
sistant multi-coated material of the present invention 
can be applied to, for example, the body of next gener- 
ation supersonic aircraft and the heat resistant struc- 
tures of engine parts and gas turbines as well as to 
space craft so as to improve the durability of heat resist- 
ant structures. 

[0046] Preferred embodiments of the present inven- 
tion will now be described in detail. 

Example 1 : 

[0047] Prepared were a Y 2 SiO s powder having a par- 
ticle diameter not larger than 1 0 urn and a glass powder 
having a ratio of Si0 2 :B 2 0 3 :AI 2 03 of 85:13:2, by weight, 
and having particle diameter not larger than 50 jxm. 
These Y 2 Si0 5 powder and glass powder were mixed at 
a mixing ratio by weight of 70:30. The mixing was per- 
formed for 20 minutes, followed by preparing a sufficient 
slurry by mixing the resultant mixture together with an 
aqueous solution of carboxymethyl cellulose having a 
concentration of 2% by weight. 

[0048] In the next step, a SiC layer having a thickness 
of 30 u,m was formed as an intermediate layer by the 
conversion method on the surface of a C/C substrate 
formed of a carbon composite material consisting of a 
carbon fiber and a carbon matrix, followed by coating 
the surface of the SiC layer (intermediate layer) with the 
slurry noted above with a brush and subsequently drying 
the coating at 1 00°C for 1 hour. The coating and the dry- 
ing were repeated three times so as to form a coating 
having a thickness of 21 0 ujti on the SiC layer (interme- 
diate layer). Then, the coating was sintered at 1300°C 
for 60 minutes within a sintering furnace filled with an 
argon gas atmosphere, thereby obtaining the high tem- 
perature oxidation resistant multi-coated material con- 
structed as shown in FIG. 3. It has been found that a 
high temperature oxidation resistant coating, in which 
the yttrium silicate particles were uniformly dispersed in 
the glass matrix, was formed in a thickness of 200 um 
on the uppermost surface of the multi-coated material. 
It has also been found that cracks were not generated 
in the high temperature oxidation resistant coating. 
[0049] A plasma heat resistance durability tost and a 
self-repairing test were applied to the multi-coated ma- 
terial obtained in Example 1 as follows so as to evaluate 
the properties of the multi-coated material. 



1) Plasma Heat Resistance Durability Test: 

[0050] The multi-coated material was set in a plasma 
wind tunnel apparatus, and plasma heating was applied 

5 to the multi-coated material at a heating rate of 1555 
kW/m 2 . The temperature of the multi-coated material 
was rendered substantially constant at 1600°C. Under 
this condition, the heat resistance durability test was 
conducted for 20 minutes, with the result that the multi- 

10 coated material was thermal-chemically eroded by 10 
urn in thickness. 

[0051] Also, a heat resistance durability test at 
1 400°C for 20 minutes, which was conducted by a plas- 
ma heating with a rated heating rate of 1 000 kW/m 2 , was 
15 repeated 5 times by using another multi-coated material 
prepared by a method similar to that of Example 1 . The 
total amount of the multi-coated material which is ther- 
mal-chemically eroded was found to be only 20 jim. and 
no particular damage was found. 

20 

2) Self Repairing Test: 

[0052] A sample for a self-repairing test was prepared 
by making a hole having a diameter of 1 mm and a depth 

25 of 1 00 um in the multi -coated material referred to above. 
The sample thus prepared was set in a plasma wind tun- 
nel apparatus and heated at 1300°C for 20 minutes un- 
der a heating rate of 900 kW/m 2 . As a result, the hole of 
the sample was closed up. In other words, self-repair 

30 ' was achieved because the glass component around the 
hole was fluidized. 

Comparative Example 1 : 

35 [0053] A SiC layer was formed in a thickness of 100 
pm on the surface of a C/C substrate by a conversion 
method, followed by forming a uniform coating consist- 
ing of Y 2 SiO s in a thickness of 100 p.m on the surface 
of the SiC layer by a flame spraying method, thereby 
40 obtaining a high temperature oxidation resistant multi- 
coated material. Cracks were found to have been gen- 
erated in a part of the surface coating of the high tem- 
perature oxidation resistant multi-coated material. 
[0054] A plasma heat resistance durability test, a cat- 
45 alytic property test of the surface coating and a self-re- 
pairing test were conducted for the resultant multi-coat- 
ed material of Comparative Example 1 as follows so as 
to evaluate the properties of the multi-coated material. 



[0055] The multi-coated material was set in a plasma 
wind tunnel apparatus, and the plasma conditions were 
adjusted so as to heat the multi-coated material to 
55 1600°Casin Example 1 under a heating rate of 800 kWV 
m 2 . As a result, the multi-coated material was thermal- 
chemically eroded by 5 \im in thickness, which was less 
than that of the multi-coated material of Example 1 . 



40 



45 
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[0056] However, since the temperature of the multi- 
coated material was elevated to 1 600°C with the plasma 
output of the heating rate of 800 kW/m 2 which was low- 
er than that in Example 1 , in the heat resistance dura- 
bility test, the test was conducted separately with the 
plasma output equal to that in Example 1 , i.e., under the 
rated heating rate of 1555 kW/m 2 . As a result, the multi- 
coated material was rapidly heated to a temperature not 
lower than 1700°C so as to bring about damage to the 
coating. Therefore, the test was stopped. 

2) Catalytic Properties Test of the Coating: 

[0057] The catalytic properties of the coating on the 
surface of the multi-coated material were examined sep- 
arately by using a plasma wind tunnel apparatus. As a 
result, the multi-coated materia! of Comparative Exam- 
ple 1 exhibited a catalyst recombination rate constant, 
which denotes the degree of catalytic properties, of tens 
to hundreds of meters per second in contrast to 2 to 5 
m/s for the multi-coated material of Example 1 , support- 
ing the finding that the multi-coated material in Compar- 
ative Example 1 tends to exhibit high catalytic proper- 
tics. In other words, it has boon clarified that the tem- 
perature elevation in the multi-coated material of Com- 
parative Example 1 when the test was conducted under 
wind tunnel conditions equal to those in Example 1 was 
due to high catalytic properties. 

3) Self-repairing Test: 

[0058] A sample for the self-repairing test was pre- 
pared by making a hole having a diameter of 1 mm and 
a depth of 50 \irr\ in the multi-coated material. The sam- 
ple thus prepared was set in a plasma wind tunnel ap- 
paratus and heated at 1300°C for 20 minutes. As a re- 
sult, no change was recognized in the hole made in the 
sample. In other words, the self-repairing performance 
was not recognized. 

Comparative Example 2: 

[0059] After a SiC layer was formed in a thickness of 
1 00 urn on the surface of a C/C substrate by a conver- 
sion method, a SiC coating was formed by a CVD meth- 
od in a thickness of 100 um on the surface of the SiC 
layer thus formed. Cracks occurred in the SiC coaling 
step. In order to seal these cracks, a Si0 2 -B 2 0 3 glass 
coating containing 25 mol% of B 2 0 3 was formed in a 
thickness of 2 to 3 pm on the surface of the SiC coating 
by a sol-gel method so as to prepare the high tempera- 
ture oxidation resistant multi-coated material 21 shown 
in FIG. 5. As shown in FIG. 5, the high temperature ox- 
idation resistant multi-coated material 21 was prepared 
by forming the SiC layer 23 and the SiC coating 24 in 
the order mentioned on the surface of the C/C substrate 
22, followed by forming the glass coating 25 on the sur- 
face of the SiC coating 24 in a manner to seal the cracks 



26. 

[0060] A plasma heat resistance durability test and a 
self-repairing performance test were applied as follows 
to the resultant multi-coated material of Comparative 
5 Example 2 so as to evaluate the properties of the multi- 
coated material. 

1) Plasma Heat Resistance Durability Test: 

w [0061 ] The multi-coated material was set in a plasma 
wind tunnel apparatus and the temperature of the multi- 
coated material was maintained at 1600°C by plasma 
heating so as to carry out the heat resistance durability 
test for 20 minutes. As a result, the multi-coated material 

*s was thermal-chemically eroded by 10 u,m in thickness, 
which was equal to that of Example 1. Incidentally, the 
plasma output was substantially equal to that of Exam- 
ple 1, 

[0062] Also a heal resistance durability lesl at 1 400°C 
20 for 20 minutes, which was conducted by plasma heat- 
ing, was repeated 5 times by using another multi-coated 
material prepared by a method similar to that of Com- 
parative Example 2. As a result, the C/C substrate was 
. found to have been locally oxidized and thcrmal-chcm- 
25 ically eroded at several points. It is considered reason- 
able to understand that the crack seal was thermal- 
chemically eroded by repeated heating, with the result 
that oxygen permeated through the open cracks so as 
to oxidize and thermal-chemically erode the substrate. 

30 

2) Self Repairing Test: 

[0063] A sample for a self-repairing test was prepared 
by making a hole having a diameter of 1 mm and a depth 

35 of 1 00 u.m in the mufti-coated material referred to above. 
The sample thus prepared was set in a plasma wind tun- 
nel apparatus and heated at 1300°C for 20 minutes. As 
a result, the hole of the sample was found not to have 
been changed at all. In other words, the self-repairing 

40 performance was not recognized. 

[0064] As described above, the present invention pro- 
vides a high temperature oxidation resistant coating and 
a high temperature oxidation resistant multi-coated ma- 
terial excellent in their self-repairing performances for 

^5 self-repairing the cracks under a heated environment, 
having low catalytic properties, and adapted for use in 
the manufacture of space craft bodies and next gener- 
ation supersonic aircraft and heat resistant structures 
such engine parts and gas turbines. 

50 

Claims 

1. A high temperature oxidation resistant coating (1), 
55 comprising a glass-based matrix (3) and silicate 
particles (2) containing a composite oxide consist- 
ing of an oxide of a lanthanoide series rare earth 
element including yttrium and silicon oxide., the sil- 



7 



BNSDOCID: <EP 1188731A2.L> 



13 



EP 1 188 731 A2 



14 



icate particles (2) being dispersed in the glass- 
based matrix (3). 

2. The high temperature oxidation resistant coating 
according to claim 1 , characterized in that the 
glass-based matrix (3) has a viscosity falling within 
a range of between 10 2 and 10 7 - 5 dPa-s during use 
under high temperatures. 

3. The high temperature oxidation resistant coating 
according to claim 1 or 2, characterized in that the 
glass-based matrix (3) consists of a Si0 2 -B 2 0 3 se- 
ries glass. 

4. The high temperature oxidation resistant coating 
according to claim 3, characterized in that the 
glass-based matrix (3) contains 75 to 95% by 
weight of Si0 2 , 5 to 25% by weight of B 2 0 3 and 0 
to 5% by weight of Ai 2 0 3 . 

5. The high temperature oxidation resistant coating 
according to claim 1, characterized in that the 
composite oxide contains 60 to 90% by weight of 
an oxide of a lanthanoidc scries rare earth clement 
including yttrium and 40 to 10% by weight of Si0 2 . 

6. The high temperature oxidation resistant coating 
according to claim 1, characterized in that the 
weight ratio of the silicate particles (2) to the glass- 
based matrix (3) falls within a range of between 40: 
60 and 90:10. 

7. A high temperature oxidation resistant multi-coated 
material (11), characterized by comprising: 

a substrate (12); 

an intermediate layer (13) formed on the sur- 
face of the substrate and consisting of at least 
one ceramic material selected from the group 
consisting of silicon carbide, silicon nitride, sil- 
icon carbonitride, and silicon boride; and 
a high temperature oxidation resistant coating 
(14) formed on the intermediate layer (13) and 
prepared by dispersing silicate particles (15) 
containing a composite oxide consisting of an 
oxide of a lanthanoide series rare earth element 
including yttrium and a silicon oxide in a glass- 
based matrix (1 6). 

8. The high temperature oxidation resistant multi- 
coated material according to claim 7, character- 
ized in that the glass-based matrix (16) has a vis- 
cosity falling within a range of between 10 2 and 
10 7 - 5 dPa-s during use under high temperatures. 

9. The high temperature oxidation resistant multi- 
coated material according to claim 7 or 8, charac- 
terized in that the glass-based matrix (1 6) consists 



of a Si0 2 -B20 3 series glass. 

10. The high temperature oxidation resistant multi- 
coated material according to claim 9, character- 

5 jzed in that the glass-based matrix (16) contains 

75 to 95% by weight of Si0 2 , 5 to 25% by weight of 
B 2 0 3 and 0 to 5% by weight of AI 2 O a . 

11. The high temperature oxidation resistant multi- 
10 coated material according to claim 7, character- 
ized in that the composite oxide contains 60 to 90% 
by weight of an oxide of a lanthanoide series rare 
earth element including yttrium and 40 to 10% by 
weight of Si0 2 . 

15 

12. The high temperature oxidation resistant multi- 
coated material according to claim 7, character- 
ized in that the weight ratio of the silicate particles 
(15) to the glass-based matrix (16) falls within a 

20 range of between 40:60 and 90:1 0. 

13. The high temperature oxidation resistant multi- 
coated material according to claim 7, character- 
ized in that the intermediate layer (13) has a thick- 

25 ness of 5 to 200 \im. 

14. The high temperature oxidation resistant multi- 
coated material according to claim 7, character- 
ized in that the high temperature oxidation resist- 

30 ant coating (14) has a thickness of 50 to 1000 |im. 

15. The high temperature oxidation resistant multi- 
coated material according to claim 7, character- 
ized in that the substrate (12) is made of a material 

35 selected from the group consisting of a carbon com- 
posite material consisting of a carbon fiber and a 
carbon matrix, a composite material consisting of a 
carbon fiber and a SiC matrix, a composite material 
consisting of a SiC fiber and a SiC matrix, and 

40 graphite. 
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